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/ atmospheric pressure, to grow a thin oxide layer 20 that is about 40 angstroms or less, and 

/ preferably less than 15 angstroms. 

The oxide layer 20 is then exposed to a plasma generated nitrogen species to form a 
nitrogen-containing layer 24, as shown in FIG. 3. The nitride layer 24 on the surface of the 
5 oxide layer 20 reduces the effective dielectric constant of the oxide layer 20. Preferably, the 
nitride layer 24 is about 5 to about 1 5 angstroms thick, preferably about 10 angstroms, and 
the oxide layer 20 and the nitride layer 24 collectively have a physical thickness of about 1 0 
to about 40 angstroms, preferably about 10 to about 30 angstroms, preferably about 1 5 
angstroms. 

10 The nitridizing process step can occur in a rapid thermal processor or, preferably, a 

plasma reactor such as a high density plasma reactor or remote plasma chamber, typically 
over a temperature range of about 0 C. to about 900°C. Exemplary nitrogen-containing gases 
include nitrogen (N 2 ), ammonia (NH 3 ), nitrogen (N 2 ) with helium (He), nitrogen (N 2 ) with 
argon (Ar), nitrogen oxides (NO x ) including nitrous oxide and nitric oxide, and mixtures 

1 5 thereof 

A preferred nitridization process comprises exposing the wafer 10 to an remote 
plasma source of nitrogen, preferably a microwave source, at a temperature of about 350 to 
about 900°C, a pressure of about 1 mTorr to about 1 00 Torr, preferably about 1 to about 1 0 
Torr, with a microwave generated plasma in nitrogen (N 2 ) and helium at a He:N ratio of 

20 about 4:1, and at a flow rate of the nitrogen-containing gas of about 1 to about 5000 seem, for 
about 1 to 1800 seconds. 

Following nitridization, a dielectric layer 26 is then formed over the nitride layer 24, 
as depicted in FJG. 4, according to techniques known and used in the art. Preferably, the 
dielectric layer 26 comprises a high dielectric constant (high K) material. "High K" 

25 materials are to be distinguished from conventional dielectric materials such as silicon 
dioxide (k~3.9). Examples of high K materials for dielectric layer 26 include tantalum 
pentoxide (Ta 2 0 5 ), titanium dioxide (Ti0 2 ), barium strontium titanate (BST), strontium 
titanate (ST), barium titanate (BT), lead zirconium titanate (PZT), strontium bismuth 
tantalate (SBT), hafnium oxide (Hf0 2 ), zirconium oxide (Zr0 2 ), and aluminum oxide 

30 (A1 2 0 3 ), being Ta 2 O s in the illustrated example. The dielectric layer 26 can be formed by a 
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Amendments to the Claims 

Please amend the claims as follows: 

1 . (previously presented) A method of forming a dielectric layer, comprising the steps of: 
annealing a polysilicon substrate in nitric oxide to form an oxide layer on the polysilicon 

substrate; 

nitridizing the oxide layer to form a nitride layer on the oxide layer by exposure of the 
oxide layer to a plasma mixture of nitrogen and helium or nitrogen and argon; and 
depositing the dielectric layer onto the nitride layer. 

2. (previously presented) A method of forming a dielectric layer, comprising the steps of: 
annealing a polysilicon substrate in nitric oxide at a temperature of less than 800°C to 

form an oxynitride layer on the polysilicon substrate; 

nitridizing the oxynitride layer to form a nitride layer on the oxynitride layer by exposure 
of the oxynitride layer to a plasma mixture of nitrogen and helium or nitrogen and argon; and 

depositing the dielectric layer onto the nitride layer. 

3. (original) The method of Claim 2, wherein the step of annealing the polysilicon substrate 
is at a temperature of about 700 to about 750°C. 

4. (previously presented) The method of Claim 1 , wherein the polysilicon substrate 
comprises a polysilicon selected from the group consisting of doped polysilicon, undoped 
polysilicon, and HSG polysilicon. 

5. (previously presented) The method of Claim 1 , wherein the oxide layer is about 
40 angstroms or less. 

6. (previously presented) The method of Claim 1 , wherein the oxide layer is less than 
15 angstroms thick. 
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annealing the first conductive electrode layer comprising hemispherical grain polysilicon 
in the presence of nitric oxide at a temperature of about 700 to about 750°C. to form an 
oxynitride layer having a thickness of about 40 angstroms or less. 

63-77, (cancelled) 

78. (previously presented) A method of forming a dielectric layer, comprising the steps of: 
thermally annealing a polysilicon substrate in nitric oxide to form an oxide layer on the 

polysilicon substrate; and 

annealing the oxide layer in a plasma generated nitrogen gas to nitridize the oxide layer 
to form a nitrided oxide layer on the oxide layer, the plasma generated nitrogen gas selected from 
the group consisting of a plasma mixture of nitrogen and helium and a plasma mixture of 
nitrogen and argon; 

wherein upon forming the dielectric layer over the nitridized oxide layer, and exposing 
the dielectric layer to an oxidizing gas, the nitridized oxide layer inhibits oxidation of the 
polysilicon substrate. 

79. (previously presented) A method of forming a dielectric layer, comprising the steps of: 
thermally annealing a polysilicon substrate in nitric oxide to form an oxide layer on the 

polysilicon substrate; 

annealing the oxide layer in a plasma generated nitrogen gas to nitridize the oxide layer 
to form a nitrided oxide layer on the oxide layer, the plasma generated nitrogen gas selected from 
the group consisting of a plasma mixture of nitrogen and helium and a plasma mixture of 
nitrogen and argon; and 

forming the dielectric layer over the nitridized oxide layer; 

wherein upon exposing the dielectric layer to an oxidizing gas, the nitridized oxide layer 
inhibits oxidation of the polysilicon substrate. 
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96. (previously presented) A method of forming a capacitor, comprising the steps of: 
forming a first electrode over a substrate, the first electrode comprising polysilicon; 
exposing the first electrode to nitric oxide at a temperature of less than about 800°C to 

form an oxynitride layer thereon having a thickness of about 40 angstroms or less; and 
exposing the oxynitride layer to a plasma generated nitrogen gas to nitridize the 

oxynitride layer to form a nitridized oxynitride layer on the oxynitride layer, the plasma 

generated nitrogen gas selected from the group consisting of a plasma mixture of nitrogen and 

helium and a plasma mixture of nitrogen and argon; 

wherein upon forming a high K dielectric layer over the nitridized oxynitride layer, and 

exposing the high K dielectric layer to an oxidizing gas, the nitridized oxynitride layer inhibits 

oxidation of the first electrode. 

97. (previously presented) A method of forming a capacitor, comprising the steps of: 
forming a first electrode over a substrate, the first electrode comprising polysilicon; 
exposing the first electrode to nitric oxide at a temperature of less than about 800°C to 

form an oxynitride layer thereon having a thickness of about 40 angstroms or less; 

exposing the oxynitride layer to a plasma generated nitrogen gas to nitridize the 
oxynitride layer to form a nitridized oxynitride layer on the oxynitride layer, the plasma 
generated nitrogen gas selected from the group consisting of a plasma mixture of nitrogen and 
helium and a plasma mixture of nitrogen and argon; 

forming a high K dielectric layer over the nitridized oxynitride layer; and 

exposing the high K dielectric layer to an oxidizing gas; 

wherein the nitridized oxynitride layer inhibits oxidation of the first electrode. 

98. (previously presented) A method of forming a capacitor, comprising the steps of: 
forming a first electrode over a substrate, the first electrode comprising polysilicon; 
thermally annealing the first electrode in the presence of nitric oxide at a temperature of 

less than about 800°C to form an oxynitride layer thereon having a thickness of less than about 
1 5 angstroms; and 



M1LWAUKEEU282952.1 



21 of 32 



USSN 09/941, 827 Amendment After Allowance 

generated nitrogen gas selected from the group consisting of a plasma mixture of nitrogen and 
helium and a plasma mixture of nitrogen and argon; 

wherein upon forming a high K dielectric layer over the nitridized oxynitride layer, and 
annealing the high K dielectric layer in an oxidizing gas, the nitridized oxynitride layer inhibits 
oxidation of the first electrode. 

1 07. (previously presented) A method of forming a capacitor, comprising the steps of: 
providing a substrate, an overlying insulative layer, and a first electrode comprising 

polysilicon an opening extending through the insulative layer to the substrate; 

thermally annealing the first electrode in the presence of nitric oxide at a temperature of 
less than about 800°C to form an oxynitride layer thereon having a thickness of about 
40 angstroms or less; 

annealing the oxynitride layer in a plasma generated nitrogen gas to nitridize the 
oxynitride layer to form a nitridized oxynitride layer on the oxynitride layer, the plasma 
generated nitrogen gas selected from the group consisting of a plasma mixture of nitrogen and 
helium and a plasma mixture of nitrogen and argon; 

forming a high K dielectric layer over the nitridized oxynitride layer; 

annealing the high K dielectric layer in an oxidizing gas, wherein the nitridized 
oxynitride layer inhibits oxidation of the first electrode; and 

forming a second electrode over the high K dielectric layer, the second electrode 
comprising a conductive material. 

1 08. (previously presented) A method of forming a capacitor, comprising the steps of: 
providing a substrate with an overlying insulative layer and an opening extending through 

the insulative layer to the substrate; 

forming a first electrode comprising polysilicon within the opening; 

exposing the first electrode to nitric oxide at a temperature of less than about 800°C to 
form an oxynitride layer thereon having a thickness of about 40 angstroms or less; and 

exposing the oxynitride layer to a plasma generated nitrogen gas to nitridize the 
oxynitride layer to form a nitridized oxynitride layer on the oxynitride layer, the plasma 
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generated nitrogen gas selected from the group consisting of a plasma mixture of nitrogen and 
helium and a plasma mixture of nitrogen and argon; 

wherein upon forming a high K dielectric layer over the nitridized oxynitride layer, and 
exposing the high K dielectric layer to an oxidizing gas, the nitridized oxynitride layer inhibits 
oxidation of the first electrode. 

1 09. (previously presented) A method of forming a capacitor, comprising the steps of: 
providing a substrate with an overlying insulative layer and an opening extending through 

the insulative layer to the substrate; 

forming a first electrode comprising polysilicon within the opening; 

thermally annealing the first electrode in the presence of nitric oxide at a temperature of 
less than about 800°C to form an oxynitride layer thereon having a thickness of about 
40 angstroms or less: and 

annealing the oxynitride layer in a plasma generated nitrogen gas to nitridize the 
oxynitride layer to form a nitridized oxynitride layer on the oxynitride layer, the plasma 
generated nitrogen gas selected from the group consisting of a plasma mixture of nitrogen and 
helium and a plasma mixture of nitrogen and argon; 

wherein upon forming a high K dielectric layer over the nitridized oxynitride layer, and 
annealing the high K dielectric layer in an oxidizing gas, the nitridized oxynitride layer inhibits 
oxidation of the first electrode. 

1 10. (previously presented) A method of forming a capacitor, comprising the steps of: 
providing a substrate with an overlying insulative layer and an opening extending through 

the insulative layer to the substrate; 

forming a first electrode comprising polysilicon within the opening; 

thermally annealing the first electrode in the presence of nitric oxide at a temperature of 
less than about 800°C to form an oxynitride layer thereon having a thickness of about 
40 angstroms or less; 

annealing the oxynitride layer in a plasma generated nitrogen gas to nitridize the 
oxynitride layer to form a nitridized oxynitride layer on the oxynitride layer, the plasma 
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the group consisting of a plasma mixture of nitrogen and helium and a plasma mixture of 
nitrogen and argon; and 

depositing the dielectric layer onto the silicon nitride layer. 

149. (previously presented) A method of forming a dielectric layer, comprising the steps of: 
annealing a polysilicon substrate in nitric oxide at a temperature of less than 800°C to 

form an oxide layer on the polysilicon substrate; 

nitridizing the oxide layer after the step of annealing in a plasma generated nitrogen gas 

to form a silicon nitride layer on the oxide layer, the plasma generated nitrogen gas selected from 

the group consisting of a plasma mixture of nitrogen and helium and a plasma mixture of 

nitrogen and argon; 

depositing the dielectric layer onto the silicon nitride layer; and 

exposing the dielectric layer to an oxidizing gas, wherein oxidation of the polysilicon 

substrate is inhibited. 

1 50. (previously presented) The method of Claim 2, wherein the nitride layer is about 5 to 
about 1 5 angstroms thick. 

151. (previously presented) The method of Claim 2, wherein the oxynitride layer and the 
nitride layer have a combined thickness of about 10 to about 30 angstroms. 

1 52. (previously presented) The method of Claim 2, wherein the step of nitridizing comprises 
exposing the oxynitride layer to a remote plasma source of nitrogen. 

153. (previously presented) The method of Claim 2, further comprising saturating the 
dielectric layer with oxygen. 

1 54. (currently amended) The method of Claim 1 53, wherein the step of saturating comprises 
subjecting the dielectric layer to an oxygen anneal in a presence of an oxidizing gas. 
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